The paper, within the field of city logistics sustainability, recalls the overview of measures to be implemented, in a "what if" framework, with strong references to the ex-post assessment carried out in order to support the definition of city logistics scenarios that should have to be evaluated ex-ante by simulation models. The analysis is done in relation to the goals of environmental sustainability to be pursued and the main characteristics of the analyzed cities (e.g. population, density).
Introduction
Today, there is growing interest in the concepts of sustainable development and then on sustainable transport. Sustainable city logistics solutions have to be implemented in order to reduce the effects of freight transport without penalizing the life of the city. For example, as it happens in passenger mobility we can brave the problems related to externalities related to transport addressing to transit. It allows us to do not reduce accessibility and penalize the life of the city. At the same way, city logistics OPEN ACCESS 2 has to investigate the possible solutions that allow us to reduce externalities, to increase sustainability without damaging the city life.
Around the world, different types of city logistics measures have been proposed and implemented, but sometimes they have not given the expected results [1, 2] . Thus, as it happens in the analysis of passenger mobility, in which we have different classes of measures that can be implemented in relation to city structure and level of demand, the same should be desired for freight mobility.
The current development must be characterized by the definition of economic, environmental and social sustainability [3] . In fact, referring to the main accepted definition of sustainable development it meets the needs of the present without compromising the ability of future generations to meet their own needs [4] and, thus, of sustainable transport a sustainable transport system is one that is accessible, safe, environmentally-friendly and affordable [5] -it is necessary to propose new development models. Then, the rapid freight transportation increasing in urban and metropolitan areas contributes to congestion, air pollution, noise (environmental) and to raise logistic costs, and hence the price of products (economic). In addition, a combination of different types of vehicles on the road increases the risk of accidents (social). Importantly, the objectives of sustainable development can be pursued by means of measures that are sometimes conflicting, and generate impacts that are influenced by the acceptance of stakeholders and external factors.
In this context, the paper, within the field of environmental sustainability, recalls the overview of measures to be implemented, in a "what if" framework, with strong references to the ex-post assessment carried out in order to support the definition of city logistics scenarios that should have to be evaluated ex-ante by simulation models (Figure 1 ). The study presents the empirical relations among outcomes (e.g. reduction of greenhouse gas -CO 2 -or air pollutant emissions -CO, NO x , SO x , PM) and city logistics measures. The trends of expected results related to environmental sustainability in function of city characteristics will be deepened. From this type of analysis, it will be possible to identify the maximum expected reduction of externalities obtainable from a given city logistics measure in relation to a specific city. 
Urban Freight Transport and City Logistics measures
As confirmed by several empirical studies the total urban freight vehicles account for 6 -18% of total urban travel [6, 7, 8] and for 14% of vehicle-kilometers, 19% of energy use and 21% of CO 2 emissions [9] . Some studies have also evidenced the importance of light vehicle against the heavy in the production of negative impacts within urban areas [10] . Others have studied the impacts due to the implementation of measures in order to shift logistics operations to night-time hours [11] or to the implementation of an urban distribution center verifying that it can be more effective in reducing environmental externalities than policies based on vehicle fleet renewal [12] or to the implementation of governance measures, such as access restrictions and charging scheme, that can cause some important changes in freight transport patterns [13] .
It has to be also noted that in some cases it was difficult to quantify the impacts due to the implementation of recalled measures, at least for two reasons. For one hand, as several authors agree, the implemented measures are not yet fully validated for lack of interest by local authorities. For the other hand, there is a shortage of data. In a few cases comprehensive surveys have been carried out.
In order to make urban mobility more sustainable, measures to reduce the economic, social and environmental impacts of freight transport have to be implemented. Thus, the analysis and classification of implementable measures has to do taking into account the possibility to use methods and models for the ex-ante assessment. As proposed by Russo and Comi [14] , a general modeling framework should allow us to simulate the choices of each decision-maker involved in the urban freight transport and logistics and to investigate how the policies and the following measures can influence her/his choices. In particular, the urban freight demand modeling is part of a general transportation modeling framework commonly used to assess and design the urban transportation system [15] . The used transportation models are also characterized in relation to their based assumptions, whether they represent user behavior or whether they are only statistical relations. Thus, there are descriptive models (empirical relations between freight demand and variables of the economic and transportation system), and behavioral models, in which there are explicit hypotheses on the decision-makers involved in the choices. It may be noted that for some analytical functions both the models can have the identical form. A recent overview of how models allow us to obtain behavioral solutions from descriptive data is given by Russo and Vitetta [16] .
Respect to the city logistics measures, a classification that allows us to point out the involved decision-makers, outcomes and goals, planning horizons should be desirable. Then, we refer to that proposed by the authors in previous studies [17, 18] . Their classification should allow, in an easy way, to aggregate and analyze the city logistics measures respect to who takes the decision (public authorities, private company, public-private partnership) or which links of logistics system are interested (producer-wholesaler, wholesaler-retailer, producer-retailer), and which class of goals or outcomes can be pursued by their implementation.
The used classification of measures consists of four classes:
• material infrastructures, consisting of building new infrastructures in order to optimize the freight transport (e.g. urban distribution center, sub-network only for freight vehicles); o impacted decision makers: local government, logistics and transport operators; o impacted decision makers: logistics and transport operators; o goals: to reduce the interference with other components of urban mobility, to reduce the number of driving vehicles; o planning horizons: strategic or tactical or operative. This used framework mainly refers to specific measures and not to cross measures, such as measures related to promotion, cooperation and enforcement which need different types of models to assess. For more details on implementation steps and/or difficulties encountered, the reader can refer to large literature on this topic [19, 20, 21 and references quoted therein].
Results and Discussion
Starting from the ex-post analysis of implemented city logistics scenarios in Europe in the last 6 years, some environmental indicators will be proposed in order to support the definition of freight planning within the urban transport planning. Moreover, sustainable transportation is difficult to measure directly so various performance indicators could be used to evaluate them. For example, pollutants can be directed measured or not, and then we can have direct (e.g. NO x ) or indirect (e.g. CO 2 ) measures.
In order to find possible relationships among city characteristics, city logistics measures and environmental outcomes (i.e. reduction of CO 2 that, in general, can be assumed to be a proxy of air pollutant emissions; CO, NO x , SO x and PM), a depth desk-research has been carried out. It has to note that, in the paper, we mainly refer to European cities and to urban structure (location) typically found in Europe and in the East coast of North American (USA and Canada) and Australia. Although around the world we found very different urban structures characterizing the megalopolis of countries as China, India, Central and South American, and Africa that differ from European cities (in terms of population and width), many of the results presented in the paper can be extended to other metropolises that can be considered extensions of cities.
The Table 1 lists the investigated cities with the impacted population and density. It should be noted that, generally, in the cities we find a city logistics scenario defined as mix of previous recalled measures. Thus, it makes the identification and quantification of specific measure outcomes near to very difficult. Thus, only the cities, where the outcomes related to a given measure can be extracted with a good approximation, have been considered. Moreover, the city center is interested by both passenger and commercial vehicles, but many times the local administrators implement the city logistics scenario without modifying the passenger regulations. Then, the outcomes related to freight due to city logistics scenario implementation can be estimated. Moreover, it should be noted that the following analyses are only based on data and ex-post assessment directly available in literature. 
* impacted /involved by city logistics measures
The reduction of pollutants per month has been investigated for the following set of measures: material measures (i.e. sub-network, urban distribution center and nearby delivery area), non-material measures (i.e. intelligent transportation system), equipment measures (i.e. sustainable performance and railway) and governance measures (i.e. time windows and area-pricing).
The outcomes to be obtained by each measure are analyzed in function of specific characteristics of cities (e.g. population, density). In the following the results will be analyzed both for class of measures (aggregate) and for specific ones (disaggregate). This analysis should be considered a pre-guide that should be a useful source of information to identify the measures which have the potential to be applied in a specific city. In other words, given a city the study wants to evidence the existing relations among environmental outcomes and city logistics measures.
Aggregate class outcomes
For each investigated city, the monthly reduction of CO 2 , CO, NO x , SO x and PM has been expressed as a function of attributes related to the city (i.e. population) and class of city logistics measures. For each city, the monthly reduction of greenhouse gas and air pollutants (ROP z ) has been expressed as follows:
where POP is the impacted population, X h is a dummy variable specific for each class of city logistics measures h, and β .,h is the parameter to be calibrated.
The following pictures (Figure 2 and 3 ) report the obtained results in terms of sustainable outcomes and allow us to do a comparison among the four measure classes. It should be noted that no available data have been found for PM reduction due to ITS implementation. In general, the material infrastructures measures produce averagely not good results. The best results could be obtained by the implementation of governance measures as well as time windows and area-pricing. This analysis does not consider the investment costs, but it has to note the investment costs are one of the most important factors for city logistics measures assessments. Further analyses are in progress in order to study the relationships between city logistics outcomes and investment costs.
The Figure 3 highlights, given a city, which could be the average contribution of each class of measures in relation to the sustainability goals. We can note that the incidence of non-material infrastructure is always higher than 32%, exception for CO emission for which is it is 21%. If we refer to the CO 2 emission (it can be considered a proxy of energy consumption and air pollutant emissions), we can see that the better results are always given by non-material infrastructure, but similar results could be also obtained by equipment measures (Figure 4). Figure 2 . The monthly reduction of air pollutants for class of measures (direct measures). 
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Starting from the previous aggregate results, the analysis has been deepened for each specific implemented measure. A monthly reduction index (IR z ) has been calculated as follows:
where IR z is the monthly reduction of greenhouse gas or air pollutant z (ROP z , see eq. 1) respect to density of the given city, X k is a dummy variable specific for each city logistics measure k, and β k is the parameter to be calibrated.
The results for greenhouse gas and air pollutants are reported in Figures 5 and 6 . Given a city, the best results in terms of index reduction (i.e. monthly reduction respect to city density) could be obtained by sustainable performance and ITS and time window measures. The lower values refer to material infrastructure measures that also require high investments. Further analysis should be required to consolidate these first results.
The results show the large differences in the index among the analyzed city logistics measures; the material infrastructure (i.e. urban distribution center and sub-network) and equipment (i.e. sustainable performance) measures produce lower reduction of index than other classes of measures do. The nonmaterial measures as well as governance measures allow us to obtain higher values of reduction.
In Figures 6 , the estimated parameters have been plotted in a graph in order to better evidence the incidence of reduction of externalities that can be obtained by a given city logistics measure in relation to a specific city. The diagram evidences that, starting from the equipment measures (sustainable performance) toward higher-sustainable performance measures (railway), the higher values of monthly reduction of air pollutants could be obtained by governance measures (i.e. time windows or areapricing) and ITS. These last measures are those that also present the lower investment costs. Finally, Figure 7 reports this analysis in terms of greenhouse gas emissions. It confirms the role that could have the ITS and governance measures against the air pollutant emissions. 
CO 2 [t/month] CO 2 4. Conclusions
This paper reviewed some city logistics measures that can be taken to regulate freight transport and logistics within urban and metropolitan areas. The focus is on that measures that have been frequently found around the European cities. The paper recalls a city logistics measure classification proposed by the authors, and analyses some ex-post assessments carried out in many cities around the Europe. The paper provides an outline of measures that can be considered by analyst in the definition of project/scenario in relation to the goals to be pursued in his community, and gives some environmental results for each measures (magnitude); in this way the analyst can have some main indications about the results that he can wait in his community by their implementation. Each measure has been interpreted in terms of actors/decision-makers involved, temporal reference scale (strategic, tactical, operational), theoretical expected goals and tested results (outcomes).
The study focuses on environmental goals to be expected by their implementations. The analysis has been deepened in terms of greenhouse gas and air pollutants. The indications of this study can be considered a useful guide for: city authorities when designing measures, need to verify whether their expected results match the results obtained in the other cities in the way of defined goals; experts, when designing and assessing city logistics scenario and needing to identify who must take decisions or who has to abide by them, with strong references to the goals of sustainability.
In fact, from public utility point of view, the most important aspect is to promote a sustainable development strategy, monitoring and controlling the different types of costs generated by freight mobility in the urban area. These costs are mainly connected with the impact on traffic congestion of vehicles circulating for freight transport, as well as of the road capacity reduction caused by vehicle stops for loading or unloading operations, and of goods vehicle pollutant emissions. Thus, in order to make urban mobility more sustainable, measures to reduce the impacts of freight transport have to be implemented. Consequently, for ex-ante assessment, identification and classification of implementable measures, and models useful for the simulation of different scenarios are required. Then, the paper has wanted to define a tool that can be used in order to define a first set of implementable measures that can be used to reach the environmental sustainability goals.
It should be also evidenced that governance measures have positive effects by the point of view of end-consumer actors, but they are often rejected by logistics operators because they could determine an increasing of transportation costs. Thus, it is important to recognize and adequately understand the concerns of different actors and their problem identification with respect to urban freight transportation in order to introduce city logistic policies successfully.
While some measures are easier to implement and at least show a higher degree of acceptability among stakeholders, they could require a sound surveillance system to enforce compliance. For this purpose a consultation forum or public-private partnership should be pursued.
The results obtained and described in the paper evidence that not high cost investments are required to obtain good results in terms of environmental goals. Further analyses are in progress in order to find relationships among outcomes and investment costs. Finally, other developments could aim to improve the presented results and to investigate the other fields of sustainability (i.e. economic and social) in order to verify if relationships similar to those presented for environmental sustainability exist. Analogously, other fields within the environmental sustainability should be investigated such as noise, view and so on.
